Abstract. This paper presents an evaluation of the transient performance of an optoelectronic integrated device. This device is composed of a quantum well infrared photodetector (QWIP), a heterojunction bipolar transistor (HBT) and a light emitting diode (LED). It is called as QWIP-HBT-LED optoelectronic integrated device. Evaluation of its transient response is based on the frequency response of the constituent devices. Analytical expressions describing the transient behavior, output derivative as a measure of speed, and the rise time are derived. The numerical results show that the transient performance of the version under consideration is mainly based on the individual quantum efficiencies and is improved with their growth. The device speed and rise time are enhanced with the increase of the cut-off frequency of HBT.
Introduction
For optical image processing applications, it is necessary to focus on devices and components that can detect, process, and transmit information with great adaptability and better efficiency [1] . Integration of a quantum well infrared photodetector (QWIP) and a light emitting diode (LED) is an effective method to obtain optoelectronic integrated device that can be used as a pixel sensitive to far or middle infrared radiation with near infrared output [2] . The previous studies focused on fabrication and analysis of the static device performance, however, they did not analyze the transient behavior of the device [3] [4] [5] .
Recently [6] , evaluation of a novel device based on integration of QWIP, heterojunction bipolar transistor (HBT), and LED for up-conversion of middle infrared into near infrared (visible) radiation has been presented. It was shown that the external quantum efficiency can be of the order of unity that can provide significant advantages of QWIP-HBT-LED based focal plane arrays (FPAs) over the FPAs of other types. The effect of interface recombination and self-absorption within the LED active region on the efficiency of QWIP-HBT-LED integrated device was studied by [7] . It was observed that the quantum conversion efficiency of the device under consideration was lowered for self-absorption and interface recombination within the recombination region of the LED.
Operation of this device can be explained as follows: the input light is converted to photogenerated carriers through the QWIP, the QWIP output electric signal is amplified by the HBT and the LED is driven by the output amplified signal injected from the HBT and emits an intensified light of near infrared or visible radiation. Fig. 1 shows the schematic layer structure of the device under study. The paper is organized as follows. Formulation of the specified parameters that describe the transient response, derivative, and rise time is presented in this section. The generated curves as results are outlined and discussed in Section 3. Finally, conclusion of the work and some important notes for the continuity of the research in this subject have been discussed in Section 4.
Theoretical analysis
To understand the transient response of the device version under study, it is important to investigate the transient response of each element that constitutes it. The recognition of the characteristic equation describing the overall frequency response becomes available when the frequency response equation of each element is known. Fig. 1 . Schematic structure of QWIP-HBT-LED device [6] .
With account of the frequency response for the constituent devices described as in Refs [8, 9] , the frequency response of QWIP-HBT-LED can be derived as: 
The final state quantum efficiency of the structure can be expressed as in Ref. [6] LED HBT QWIP
The derivative of the quantum efficiency of the device with respect to time denoted by  is expressed
, which describes how fast the quantum efficiency changes with time, this quantity can be expressed as: 
where
The rise time of the QWIP-HBT-LED is the time needed for the quantum efficiency to reach the final value f  of the quantum efficiency in the final state. By using the approximation 
Results and discussions
The device parameters used in the following calculations are as follows:
Hz 10 Fig. 2 . It can be seen that the quantum efficiency increases with time until approaches a definite and stable value. This value is dependent on the values of the quantum efficiencies of the constituent devices. The cut-off frequency of HBT has the dominant effect on the arrival time to this definite value, while the cut-off frequency for both QWIP and LED has no effect on this arrival time. Fig. 3 shows the time dependence of the derivative of the quantum conversion (which describes how fast the quantum efficiency changes with time) at different values of HBT  , it can be seen that the output derivative increases with the increase of HBT  at any time. At early time, the quantum efficiency changes with an increasing derivative until arrives a peak value and begins to decrease in derivative with time after that. This is due to the cut-off frequency of HBT is lower than those of both QWIP and LED. While Fig. 4 shows the time dependence of the derivative of the quantum conversion at different values of HBT  , it can be seen that the cutoff frequency of HBT has a major effect on the behavior of the quantum conversion derivative, as it is rapidly decreased at higher values of HBT  , while HBT  has no effect on the arrival time peak value of output derivative.
The dependence of the rise time of the device on the quantum efficiency is shown in Fig. 5 . It is clear from this figure that, as the final value of quantum efficiency is increased, the rise time to this value is also increased, because the difference between the initial and final values is increased, which requires more time to reach this final value and hence the increase in rise time of the device. Also, the quantum efficiency of HBT causes an enhancement of the output, and rise time is increased as a result.
Conclusion and future work
Analytical modeling of the transient performance of an optoelectronic integrated device is presented. The device under study is composed of a quantum well infrared photodetector, a heterojunction bipolar transistor and a light emitting diode. The modeling is based on the frequency response of the constituent devices. The analytical expressions describing the transient performance are derived. The results show that the quantum efficiency of HBT causes an enhancement of the output, and rise time is increased as a result. The cutoff frequency of HBT has a major effect on the behavior of the quantum conversion derivative, as it rapidly decreased at higher values of HBT  , while it has no effect on the arrival time peak value of output derivative. Also, the cut-off frequency of QWIP and LED has no effect on both the rise time and the output derivative of the device. As a future extension to this study, modeling of this device by the use of its equivalent circuit is planned to show the effect of all interesting parameters on the static characteristics.
